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Abstract ; Background Exposure to environmental!to¬ 
bacco smoke, as reported by parents, has been linked to 
diminished pulmonary function and more frequent exacetr 
bations of asthma in children with, the disease. Further 
insight into this association might be gained by using urine 
cotinine levels to measure actual exposure. 

Methods • We measured unne cotinine levels in 199 
children with asthma; 145 also underwent pulmonary- 
function studies. A parent answered questions about each 
child's exposure to environmental tobacco smoke. Acute 
exacerbations of asthma during the preceding year were 
documented! through, blinded review of medical records, 
Possible confounding factors were accounted for by the 
use of multivariate analysis and by comparisons of serum 
theophylline levels in exposed and unexposed children. 

Results , The median urine cotinine levels were 5.6 ng 
per milliliter inithe 116 children reported not to have been 
exposed to tobacco smoke, 13.1 ng per milliliter in the 53 
children'exposed to cigarette smoking by the mother or 
other, persons, and 55.8 ng per milliliter in the 30 children 

A STHMA is the most common chronic lung dis- 
jT\ order in children; it afTects approximately 2 mil¬ 
lion to 5 million children in the United States. Ex¬ 
posure to environmental tobacco smoke has been 
reported to affect children with asthma adversely in a 
variety of wavs; its effects include a decrease in pulmo¬ 
nary function J* 3 an increase in airway reactivity, 1 * 6 
and an increase in the frequency of visits to the emer¬ 
gency room, for treatment of acute exacerbations of 
asthma. 7 Three studies have suggested that children 
exposed to environmental tobacco smoke may have a 
higher-than-average risk of asthma. 8 ‘ 10 

To date, the published studies that have examined 
the consequences of exposure to environmental tobac¬ 
co smoke in children with asthma have relied exclu^ 
sively on parents' reports of their smoking habits. 
Even reliable parental reports of exposure to environ¬ 
mental tobacco smoke could be relatively inaccurate, 
However, as a measure of children’s actual inhalation 
of such smoke. Although this inaccuracy is not likely 
to interfere with analyses comparing exposed and un¬ 
exposed groups, it could make it difficult to detect 
a dose-response relation. If cotinine measurements 
were found to be consistent with parental) reports of 
children’s exposure to environmental! tobacco smoke, 
this measurement could provide additional validation 
for published, studies that have linked reported expo¬ 
sure to pulmonary^ morbidity. Moreover, if a dose- 
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exposed to cigarette smoking by the mother, and other 
persons. Acute exacerbations of asthma increased with, 
exposure, whether such exposure was reported by a par¬ 
ent or identified on the basis of the cotinine level; the rela- 
tive^risks for the highest as compared with .the lowest ex¬ 
posure category were 1.8 (95 percent confidence interval, 
H4$? 2.2) for reported exposure and 1i7 (95 percent confi¬ 
dence interval; 1.4 to 2.1) for exposure indicated by coti- 
nite levels. The forced expiratory volume in one second 
(FEVJ, the forced expiratory flow between 25 and 75 per¬ 
cent of vital capacity, and the ratio of FEV, to forced!vital 
capacity also decreased with increases in both measures 
of exposure. 

Conclusions , Measurement of urine cotinine levels 
provides further evidence of an association between expo¬ 
sure to environmental tobacco smoke and pulmonary mor¬ 
bidity in children with asthma. These data emphasize the 
need for systematic, persistent efforts to stop the expo¬ 
sure of children with asthma to environmental! tobacco 
smoke. (N Engl J Med 1993;328:1665-9.) 

-n4 

response relation were identified between morbidity 
and cotinine levels, this relation would strengthen the 
argument in favor of causality and lessen the possibiK 
icy that exposure to environmental tobacco smoke 
serves only as a marker for other environmental or 
socioeconomic factors. 

We used urine cotinine levels in addition to parental 
reports to examine these questions further in a pop¬ 
ulation of children who were receiving ongoing spe¬ 
cialized care for asthma. Cotinine, a metabolic deriva¬ 
tive of nicotine, is excreted in the urine and serves as 
an accurate, short-term quantitative measure of the 
intake of tobacco smoke. The circulating half-life of 
cotinine is approximately 24 hours. 11 * 12 In this study, 
pulmonary-function measurements and acute exacer¬ 
bations of asthma were the healthrrelated end points 
analyzed in relation to both parental reports of expo¬ 
sure to environmental tobacco smoke and urine coti¬ 
nine concentrations. 

Methods 

Study Population 

From February 20 through May 9. 1992. 204ichildren with asth¬ 
ma (age, 8 months to 13 vears) and the parents who accompanied 
them to routine visits at a large allergy-asthma practice in Port¬ 
land, Maine, were asked by the office staff whether they were will¬ 
ing to take pari in a clinical siudv. The study had been approved by 
the institutional review boards of the Foundation for Blood Re¬ 
search and the Maine Medical Center. A total ofl 199 pairs of chil¬ 
dren and parents agreed to participate, and the parents gave wmten 
consent! At enrollment; each parent filled out a questionnaire, and a 
urine sample was obtained from each child. Ifi addition to obtaining 
demographic data about the child, the questionnaire sought infor¬ 
mation on the following: the parents' occupations and years of edu¬ 
cation completed; the number of people in the household: the age at 
which the child was given a diagnosis of asthma; the child's current 
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medication status; the child's school status: use of day care outside 
of the home; smoking at the day-care site, including an estimate of 
the amount; the current smoking status of the accompanying par¬ 
ent. including the number of cigarettes smoked per day and the 
estimated number of hours per week of smoking in the home; 
and the current smoking status of all others in the household, in¬ 
cluding the estimated number of cigarettes (or cigars or pipes) 
smoked per day. 

Pulmonary-function tests were also performed at enrollment in 
the 145 children who were capable of performing the forced expira¬ 
tory maneuver. All the children's medical records were reviewed in 
a blinded fashion to determine the number of acute exacerbations 
of asthma during the 12 months before enrollment and to obtain 
information about use of medications. Using published guidelines 
from the National!Heart, Lung, and Blood Institute, 13 we classified 
asthma as mild in 47 of the children (23.6 percent), moderately 
severe in 145 (72.9 percent), and severe in 7 (3:5 percent). 

Urine Cotinine and Creatinine Analyses 

Urine samples were frozen and stored to be analyzed in batches. 

The measurement of cotininc was performed with use of an iodine- 
125 competitive radioimmunoassay, the details of which have been 
previously reported.' 4 Creatinine was also measured in each sam¬ 
ple, with use of a commercially available kit (Sigma Diagnostics, St. 

Louis). 

Statistical Analysis 

Ih an earlier study, 1 * urine cotinine levels were found to be consis¬ 
tent with exposure to environmental tobacco smoke at a level of 10 
ng per milliliter (57 nmol per liter) or higher. Continuous variables 
were compared by t-test after appropriate transformations of the 
data. Categorical variables were compared with the chi-square test. 
Cotinine levels were corrected for the concentration of the urine by 
fitting the relation between the log cotinine level and the log creati¬ 
nine level, 1 * with use of a second-order curve. The dose-response 
relation between the two measures of exposure to environmental 
tobacco smoke and the results of the four pulmonary-function tests 
was assumed to be linear^ Stepwise multivariate linear-regression 
analysis was, therefore, used to estimate the extent of the change in 
pulmonary function associated with increasing levels of exposure. 

In this analysis we controlled fbr the mother's age and education 
level and the child’s age, sex, and attendance at day care. To allow a 
direct comparison between reported exposure and cotinine levels, 
the cotinine cutoff points were chosen to include the same number 
of children in each category of cocininc intake as dictated by the 
reported exposure categories. All analyses were performed with the 
BMDP statistical package. 17 

Results § 

.c 

Tabic I' compares selected characteristics of the 'o 
study population according to the presence or absence 
of reported exposure to environmental tobacco smoke. 
According to parental reports, 83 (42 percent)! of 
the children were exposed to environmental tobacco 
smoke. Boys predominated in both the nonexposed 
and the exposed categories. In households where ex¬ 
posure to environmental tobacco smoke was reported, 
the average age of the mothers was younger, they had 
fewer years of education* and children's enrollment in 
day care was more frequent. Urine cotinine measure¬ 
ments were significantly higher when exposure to en¬ 
vironmental 1 tobacco smoke was reported. 

Figure 1 shows urine cotinine concentrations in re¬ 
lation to exposure to environmental tobacco smoke as 
reported by the parents. The median cotinine concen¬ 
trations increased monotonicallv in the three defined 
categories (no exposure to environmental! tobacco 


Table 1. Characteristics of Children with Asthma, 
According to Parental Repons of Exposure to 
Environmental Tobacco Smoke.* 


CMASACTeiUTIC 

No 

Exrosuu 

Exrosuic 

P VaLUK 

No. of children 

116 

83 

— 

Percent boys 

75 

67 

0.3 

Percent in school 

82.6 

80.7 

0.7' 

Percent in day care 

18.1 

49.4 

<0.001 

Age ai enrollment (yr) 

7.4-Z.3 

7:6=2.9 

0.7 

Age at diagnosis (yr) 

40-2.8 

43=2.6 

0.6 

Mother's age at enroll- 

35.4=4.5 

33:1=6.3 

0.01 

ment (yr) 

Mother's education (yr) 

15.0=2.4 

13.0=1.8 

<0.001 i 

No. of people in house- 

4.2=0.9 

4 1 = 1.1 

0j6 

hold 

Urine cotinine level 

5.6=0.337 

23.3=0.44t 

<0.001 


(ng/ml) 

"pfui-minus viimcs are means zSO. unless otherwise noted, 
m* median =SO of che loj, 0 ctxmme kvel. To convert values for 
cotinine w nanomota per liicr. multiply by 5.7. 

smoke, exposure to smoking by the mother or ocher 
persons, and exposure to smoking by the mother and 
other persons). Of the 116 cotinine measurements in 
the group with no reported exposure to environmental! 
tobacco smoke, 100 were below 10 ng per milliliter, a 
level previously established as consistent with mini¬ 
mal exposure; except for l cotinine measurement of 40 
ng per milliliter (228 nmol per liter), the highest level 
in this group was 20 ng per milliliter (114! nmol per 
liter). Of the 30 cotinine measurements in the group 
with the highest reported level of exposure (smoking 
by the mother and other persons); all were above 10 
ng per milliliter, and all but 3 were above 20 ng per 



Figure 1. Relation between Reported Exposure to Environmental 
Tobacco Smoke and Urine Cotinine Concentrations in 199 
Children with Asthma. 

Urine cotinine concentrations (corrected for the creatinine con¬ 
centration) are represented on a logarithmic scale. Three mutual 
ly exclusive levels of exposure to environmental tobacco smoke 
reported by parents are shown. Solid arc!es identify children in 
day-care settings in which exposure to environmental tobacco 
smoke was reported. The honzontal line at 10 ng of cotinine per 
milliliter is an arbitrary demarcation point, above which exposure 
to environmental tobacco smoke was considered substantial. Me¬ 
dian cotinine levels are indicated for the three exposure levels. 

To convert values for cotinine to nanomoids per liter, 
multiply by 5.7. 
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milliliter. Cotinine measurements in the intermediate- 
exposure group (smoking by the mother or other per¬ 
sons) 1 were less consistent, indicating more variable 
intake of tobacco smoke. Reported exposure to envii- 
ronmcntal tobacco smoke in the day-care setting did 
not add measurably to the children’s cotinine lev- 
els, over and above household' exposure. Table 2 
shows the extent to which parental reports of expo¬ 
sure to environmental tobacco smoke correlated with 
measurements of cotinine in urine. Overall, when the 
cutoff level of 10 ng per milliliter was used for urine 
cotinine, the two methods agreed for 164 of the 199 
children. 

Table 3 demonstrates that, as reported exposure to 
environmental tobacco smoke increases, acute exacer¬ 
bations of asthma increase and pulmonary function 
decreases. A monotonic pattern'of increased morbid^ 
ity was found for acute exacerbations of asthma but 
not for the measures of pulmonary function. The ob* 
served changes in the four measures of morbidity due 
to asthma for each increase in the category of exposure 
to environmental tobacco smoke were initially ana¬ 
lyzed with use of simple linear regression analysis (ob¬ 
served) and then further analyzed with use of a multi¬ 
variate linear regression model that included! the 
mother's age and education level and the child’s age, 
sex, and day-care attendance (adjusted). The 95 per¬ 
cent confidence intervals for the adjusted estimates 
indicate that three of the four measures of morbidity 
were significantly worse with increasing exposure to 
environmental tobacco smoke. For the number of 
acute exacerbations in the previous year, the adjusted 
relative risk for the highest as compared with the low¬ 
est exposure category was 1.8 (95 percent confidence 
interval' 1.4 to 2.2), 

Table 4 repeats the analyses in Table 3, burin this 
case we used' urine cotinine measurements, rather 
than parental reports, to measure the intake of envi¬ 
ronmental tobacco smoke. The same trends were 
found as in Table 3, but a monotonic pattern was 
found for both the increase in acute exacerbations 
of asthma and the decrease in 
the measures of pulmonary’ func¬ 
tion. After adjustment for potential 
confounders, the 95 percent confi¬ 
dence intervals for three of the four 
measures indicated that significant¬ 
ly increased morbidity due to asth¬ 
ma was associated with the actu¬ 
al intake of environmental tobacco 
smoke. The relative risk for the 
number of acute exacerbations of 
asthma in the previous year in the 
highest 1 as compared with the low¬ 
est intake category was 1.7 (95 per¬ 
cent confidence interval' 1.4 to 2.1 )> 
after adjustment for possible con- 
founders. 

The extent to which the informa¬ 
tion provided by reported exposure 


Table 2. Agreement between Urine Cotinine 
Levels and Reported Exposure to Environ¬ 
mental Tobacco Smoke in Children with 
Asthma * 


Cotininc 


No 


Levee 

Exposure 

Exposure 

ToTaL 

* JO r>g/ml 

64 

16 

SO 

< JO ng/m) 

19 

100 

119 

Total 

83 

116 

199 


'To convert values for cotinine 10 nanomoles per liter. muhn 
ply b> 5 7. 


to environmental tobacco smoke overlaps with that 
provided by cotinine measurements can be examined 
by, testing the effect of adding one of these measures 
(cotinine levels or reported exposure) to a multivariate 
model that already contains the other, along with pos¬ 
sible confounders. When reported exposure was tested 
in relation to acute exacerbations of asthma ini this 
multivariate model, it added significant predictive 
power (F = 5.99, P = 0.02), whereas cotinine levels 
did not (F = 0i05, P = 0.8). In relation to pulmonary 
function, neither cotinine levels nor reported exposure 
added significant predictive power to a model already 
containing the other (for reported exposure::F = 0.35, 
P = 0.6 for the relation' to the forced expiratory’ vol¬ 
ume in one second [FEV,]; F = 0:48, P = 0i5 for 
the relation to the forced expiratory flow between 
25 and 75 percent of vital capacity [FEF 25 _ 75 ]; and 
F = 1.01, P = 0.3 for the relation to the ratio of FEV, 
to forced vital capacity [FVC]; for cotinine measure¬ 
ments: F = 2.82, P = 0.1 for the relation to FEV,; 
F = K73, P = 0.2 for the relation to FEF 25 _ 7i ; and 
F — 2.01, P - 0.2 for the relation to FEV,:FVC)i 
Theophylline was prescribed for 104 of the 199 
children with asthma during the year before enroll¬ 
ment, including 45 (54 percent) of the 83 exposed 
to environmental tobacco smoke and 59 (51 percent) 
of the 116 not exposed: Serum theophylline Ifcvels 
were availably for 27 of the exposed children and! 


Table 3. Cunent'Pulmonary Function and Number, of Acute Exacerbations of Asthma 
during the 12 Months before Enrollment. According to Reported Exposure to 
Environmental Tobacco Smoke.* 


VaRJAILE 

No 

Exposure 

Mother or 
Others Show 

Mother and 
Others Smoke 

Chance per Catecory of 
Increasing Exposure 





OBSERVED 

adjusted m* 

No. of children* 

166783 

53/41 

30/21 

— 


— 

No. of acute exacerba¬ 

2.2—2.0 

2.5= 1.6 

3.9=2 7 

0.75 

0.83 (0.39 to 1.26) 

tions 







FEV, <*) 

109.3 = 20.7 

102.4 = 26 0 

102.2=17.9 

-4.3 

-2.3 

(-7.9 io 3:3) 

FEF^.tj (%> 

85.4=: 26.7 

71.8 = 30.6 

73.6=19:3 

-7.6 

-8.2 

(-15 4 to -1 0J 

Rabo of FEV, jo FVC 

83 7= 7.6 

79.4 = 8.4 

80 0 = 7:0 

-2.4 

-3.1 

(-5.0 to -l.0)i 


(l* 100) 


•plua-minui values air mum r SD FEV, denotes forced expiratory volume in one secondj FEFj\. forced expiratory 
flow between 25 and 75 percent, of v,uJ capacity, and FVC forced v»ui capacity 

* Adjusted for the mothers ape and education level and ihc child's Rfe. sea. and day-Carr attendance Cl denotes 
confidence interval. 

♦ The number available for the analysts of acute episodes of attfuna. followed by the number available for the analysis of 
puimonary-function studies. 


Source: https://www.industrydocuments.ucsf.edu/docs/sqvj0000 


2024228110 



1668 


THE NEW ENCLAND JOURNAL OF MEDICINE 


Jbnc 10 ; , 1993 


Table 4. Current Pulmonary Function and Number of Acute Exacerbations of Asthma 
during the 12 Months before Enrollment, According to Intake of Environmental Tobac¬ 
co Smoke as Defined by the Urine Cotinine Level.* 


Chance ru Category or 


V 4JUAVLX 

<10 npml 

COTININ C 

io-h rtpml 

>J* 

owerved 

Increasing Intake 

aoiusteo alt' 

No. of children* 

t16/83 

53/4. t 

30/21 

— 

_ 

No. of acute exacerba¬ 

Utel.9 

2.8_ I.S 

3 6=2.9 

0.80 

0.63 (0.10 to 1.07) 

tions 

FEV, (*) 

108.8-20.3 

105.2—24.7 

98.5 = 22.3 

-4.8 

-4.7 (-9.9 to 0.5) 

FEFy.f, <%) 

85.4 ±26.8 

74.9=28.8 

67 3 = 22.8 

-9.4 

-8.5 (-15.2 to-! l9) 

Ratio of FEV, to FVC 

83.5=7.5 

8I.2±8.I 

77:5 = 8.0 

-2.8 

-3.0 (i-4.9 to -l.l) 


(X 100) 

‘Phu-mtmu value* are mean* * SO FHV, Oemxcs forced expiratory volume in one second: FEF>j.,j forced expiratory 
llmw between 25 and 75 percent of vital capacity, and FVC forced vital capacity. Unne cotinine concentrations have been 
adjusted for the creatinine concentration. To convert values for ctxinine to nanomoles per tiler; multiply by 5 7. 

* Adjusted' for the mother's age and education level and the child’s age. sea. and day-care attendance. Cl denotes 
confidence interval. 

fThe number available for the analysis of acute episodes of asthma, followed by the number available for the analysis of 
pulmonary-funcoon studies. 


posurc was defined by the cotinine 
level; The linear dose-response 
patterns provide further evidence 
of a causal relation between ex¬ 
posure to environmental tobacco 
smoke and pulmonary morbidity in 
children with asthma. 

Some or all of the morbidity 
associated with exposure to envi¬ 
ronmental tobacco smoke may be 
attributable to the differences be¬ 
tween the exposed and unexposed 
populations (Table l). This possi¬ 
ble confounding was taken into 
account in the multivariate anal¬ 
yses summarized in Tables 3 and 
4. The observed and adjusted val¬ 
ues for each of the variables meas¬ 


ured were not very different, indi 


36 of the unexposed children. When more than 
one measurement was available for a given child 
during the preceding year, only the first was in¬ 
cluded in the analysis. Measurable theophylline 
levels were present in all 63 of the children The 
mean serum theophylline levels of 11.37 ^ug per milli¬ 
liter (62.5 Aimol per liter) in the exposed children 
and 11.42 /xg per milliliter (62.8 /xmol per liter); 
in the unexposed: children were similar (t — —0:04, 
P = 0 i97)l 

Discussion 

Data from this study provide further validation of 
published reports that exposure to environmental to¬ 
bacco smoke adversely affects the health of children 
with asthma.'* 9J8 Furthermore, the cotinine measure¬ 
ments in this study group provide information not 
previously available: parental! reports indicating no 
exposure to environmental tobacco smoke were con¬ 
sistent w'irh cotinine measurements 86 percent of the 
time, and parental reports indicating exposure were 
consistent with measured levels 77 percent of the 
time. Discrepancies between parental reports and 
cotinine measurements might be explained by incom¬ 
plete knowledge of exposure, on the one hand, or vari¬ 
ability in environmental conditions leading to dimin¬ 
ished inhaltnion of environmental tobacco smoke, on 
the other. Purposeful misreporting of smoking habits 
is unusual. 1112 Cotinine is a measure of actual recent 
intake of smoke from cigarette products and; as such, 
will not alWays agree with the reported smoking habits 
of nearby persons. 

Significant increases in the frequency of acute exac¬ 
erbations of asthma were found whether exposure to 
environmental tobacco smoke was identified on the 
basis of parental reports or urine cotinine levels, 
and monotonic dose-response patterns were evident 
with both methods. Significant reductions in pulmo¬ 
nary function were also found; whether exposure to 
environmental tobacco smoke was assessed on the 
basis of parental report or cotinine level, and: linear 
dose-response patterns were evident when the ex- 


cating that, at most, only a small proportion of the 
observed relation can be explained by confounding. 

The theophylline levels in a subgroup of the study 
population served as a measure of compliance; they 
provide evidence that the exposed and unexposed chil* 
dren followed medical advice similarly. These levels 
were obtained in a nonstandardized fashion as part of 
routine management, and in nearly all instances the 
children had been treated with theophylline for a con¬ 
siderable period of time. 

Our findings are consistent with the results of 
studies of infants and children without asthma, in 
which more frequent respiratory infections and : di¬ 
minished pulmonary function were found: to be as¬ 
sociated with reported exposure to environmental to¬ 
bacco smoke. 19 * 27 Dose-response relations have been 
identified between the degree of exposure to envi¬ 
ronmental tobacco smoke reported by parents and 
pulmonary function in one cohort of children with 
asthma 1 ’ 2 and in several studies of children without 
asthma. 2 *' 24 ’ 27 

The urine cotinine levels in the current' study indi¬ 
cate that parental reports arc reliable when used to 
screen for exposure to environmental tobacco smoke 
in children with asthma. These observations provide 
further support for the resuits of published studies 
that rely on parental reports in examining the relation' 
of exposure to environmental tobacco smoke and: pul¬ 
monary' morbidity. Urine cotinine levels can> provide 
additional information when exposure toenvironmen- 
tal tobacco smoke is reported, both in assessing the 
degree of actual intake (with its attendant risks); and 
in monitoring efforts to reduce exposure. The evidence 
that'environmental tobacco smoke has a causal role in 
asthma-related morbidity is sufficiently strong, and 
the adverse pulmonary' effects are sufficiently great; 
that systematic efforts to reduce inhalacionof environ* 
mental tobacco smoke arc warranted for children'with 
asthma. 

We are indebted to Josephine Williams, data-management ana¬ 
lyst at the Foundationi for Blood Research, for her assistance in 
coordinating the collection of dkta and patient samples: to the office 


Source: https://www.industrydocuments.ucsf.edu/docs/sqvj0000 


2024228111 





Voi. 328 No 23 


TOBACCO SMOKE AND ASTHMA IN CHILDREN — CHILMONCZYK ET AL. 


1669 


staff of Mnjathlin, Sicltr. and Chilmonczvk for their assistance in 
paiirnt enrollment urine collection, and dat3 retrieval: and to 
Robert Staler. M.D;. for referring some of the patients in the 
study. 
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